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Abstract

In this paper, we argue at a general level, that recent
econom ¢ nodels of capacity and of its utilization are deficient
because they do not adequately take into account firnms' |ong-run
expectations about conditions which are pertinent to their
i nvestnment decisions, i.e., their decisions about altering
productive capacity. W argue that the problemw th these nodels
is that they rely on the two conventional definitions of capacity
whi ch ignore these I ong-run expectations. Accordingly, we propose
a third definition of capacity which incorporates these
expectations and, thereby, corrects the problem Furthernore, we
argue that a correct, enpirical analysis with the proposed
definition -- indeed, any credible analysis of capacity or its
utilization -- nust take into account the demand for the output
produced by the firnms being studied. Finally, we apply the
definition to clarify the neaning of surveys of capacity and, thus,
show how it can be used to inprove future surveys of capacity.



1. Introduction

Capacity has long been of interest to econonm sts and public
policy nekers. Interest usually centers on the question: what
output is attainable in a short period of tine with given fixed
resources?' For exanple, at the nicroecononic |evel the purpose of
def ense nobilization analysis is to determ ne how nuch weaponry,
anmmuni tion, and other nmateriel can be produced under nobilization
conditions. One of the earliest concerns of macroeconom sts was to
conpute a neasure of capacity output. Such a neasure is of
interest since once capacity is reached, increased denmand for a
product leads to an increase in its price. As another exanple,
sone recent work on capacity is notivated by the desire to inprove
met hods for estimating nultifactor productivity.?

In this paper we critically exam ne recent econonetric nodels
of capacity. Capacity constraints occur because one or nore inputs
are fixed in the short run. Usually, capital is considered to be
the fixed input, although sonetines the |labor input is also treated
as fixed. Strictly, then, the subject of capacity overlaps
substantially with capital theory and | abor economcs. To restrict
the paper's size and to provide a sharp focus to the discussion, we
only explicitly discuss a small part of this literature.?

Most econonetric studies of capacity have proceeded wth
static nodels. Static nodels cannot fully capture the role of

firms' expectations of future conditions in their current
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deci sions. Moreover, the studies which have proceeded with static
nodel s have not fully taken advantage of the distinction between
current and expected prices, even within the confines of a static
anal ysi s. The failure to make this distinction in nodels of
capacity is an inportant linmitation of their useful ness.*

The concern with inadequate specification of dynam c features
in a nodel is a tenporal specification problem The problem of
cross-sectional specification is, perhaps, an even larger topic
than the problem of tenporal specification. Thus, to keep the
paper within reasonabl e bounds, on the matter of cross-sectional
specification we shall |imt our remarks to a problem closely
associated with a tenporal specification problem the inproper
specification of variables as bei ng exogenous.

For organi zational convenience, the literature on capacity is
divided into two branches: (i) studies which exam ne an array of
production inputs with general production technol ogies, but which
treat dynamcs inplicitly or not at all; and (ii) studies which
explicitly consider dynamcs, but focus on a snmall array of inputs
and treat these with restrictive production technol ogies. Using
this division, we heuristically discuss features which we think a
nodel of capacity should have. W enphasize the critical
i mportance of two features, the distinction between actual and
expected prices of inputs and output and the need to treat output
as endogenous by specifying a demand curve. As the structure

suggests, a principal recommendation of the paper 1is the
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devel opnent of nodels which incorporate these features while
si mul taneously retaining the advantages of the static nodels. Such
a research program is currently feasible and could produce
substantially nore convincing and useful economc nodels of

capacity.

2. Econonic Mddel s of Capacity

Econom sts usual |y define, and correspondi ngly use, the notion
of capacity output and capacity utilization in one of tw ways.?®
Let -q(t) denote capacity output in period t in the sense of the
maxi mum out put whi ch can be produced in the period with the given
fixed inputs, and let g(t) denote actual output in period t. Then,
in percentage terns, the first definition says that capacity
utilization in period t, denoted by u(t), is defined by u(t) =
g(t)/-q(t). Equivalently, capacity output is the output at which
the short-run margi nal cost production curve in period t, denoted
SRMCC(t), becones vertical.® A short-run is a sufficiently short
pl anni ng hori zon over which at |east one input, usually capital, is
fixed in the sense that it would be inpractical to change its val ue
within this horizon. A long-run is a sufficiently |Iong planning
horizon over which it is practical to vary all inputs to any
desired values. An input is fixed (or quasi fixed) when tine nust
pass and resources beyond purchase costs (adjustnment costs) nust be
expended to change its val ue.

This first definition of capacity inplies that output reaches
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capacity when substitutability between fixed and variable inputs is
exhausted, or, equivalently, when nmarginal products of variable
inputs fall to zero. The hallmark and difficulty of this
definition is that it reflects extrene (e.g., wartine) and not to
normal (peacetine) conditions. Most of the available economc
data, to which this definition of capacity is applied, presunably
reflect normal conditions in which all inputs are substitutable.
Thus, sone effort is required to make predictions for extrene
conditions, in which fixed-to-variable-input substitutions have
been exhausted, with inferences obtained with data for nornal
conditions. A further difficulty in applying this definition is
that the econonetric specifications of firnms' production and cost
functions are usually such that they inply SRMCCs which never
becone vertical .

These difficulties provide a justification for the second
definition of capacity: capacity output is the output at which the
short-run and |ong-run nmarginal cost curves intersect.
Equi val ently, capacity output is the output at which the short-run
average cost curve is tangent to the |long-run average cost curve.’
Denote this second definition of capacity output by "q(t). Wth
this second definition of capacity output, capacity utilization is,
then, defined by u(t) = q(t)/"q(t).

This second definition represents an inportant step forward,
because it involves the use of production technol ogies which all ow

any degree of substitutability -- as well as conplenentarity --
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anong the inputs. However, it also represents a shift of focus
from associ ati ng capacity output with the nmaxi mum out put which can
be produced with fixed resources to associating capacity output
with m ni mum cost output under normal conditions. Each definition
relates current output to a reference level of output, -q(t) or
"q(t), which indexes the position of the SRMCC(t). That is, -q(t)
or "g(t) serves as a neasure, in terns of the horizontal (output)
position of the SRMCC(t), of the available capital, whose fixity is
t he underlying source of capacity restrictions on output. Aside
from allowing greater substitutability and conplenentarity, the
second definition has the advantage that it enphasi zes capacity as
an econoni c concept. It views capacity as the result of the
solution of a behavioral naximzation problemand not sinply as a
t echnol ogi cal phenonenon.

These comobn ways of defining capacity and capacity
utilization are useful in situations where the planning horizon is
short. Unfortunately, in many situations the planning horizon is
sufficiently long to make it practical to vary capital. For such
situations we introduce a third definition of capacity utilization,
u(t) = q(t)/"q(t), where g'(t) is the long-run expected or desired
| evel of output, to be defined precisely below and, as before,
"g(t) is the level of output at which the short- and |ong-run
mar gi nal cost curves intersect. The three definitions are
illustrated in Figure 1 in the sinplified case in which the |ong-

run marginal- and average-cost curves are horizontal, hence,
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The third definition has the follow ng two advantages. First, it
explicitly links capacity utilization to investnent in capital --
to changes in actual capacity. Second, it provides a convenient
way to illustrate several econonetric problenms in previous
enpirical work on capacity. Next, in order to precisely illustrate
t hese points, we define and discuss notions of short- and |ong-run
equi | i brium

Short- and Long-Run Equili brium

For sinplicity and without |oss of generality for the present
di scussion, we assune the industry being studied is conpetitive.
This neans that firns can enter and | eave the industry according to
their long-run expectations of profitability and that firns take
i nput and output prices as given. Mreover, we proceed in terns of
a representative firmin the industry being studied and, thus,
consider firm and industry-level variables to be identical, except
for differences in scale. Let py(t) denote the price of output in
period t and let k(t) denote the representative firms capita
stock in period t. W assune the current price of output, py(t),
is determned by a demand-supply equilibriumin the output market.
The representative firms current stock of capital, k(t), 1is
determ ned by history and fixes the short-run margi nal cost curve
al ong which the firm operates.

The firmis said to be in short-run equilibrium (SRE) when it

maxi m zes current (short-run) profits, pg(t)q(t) - p(t)lI(t), wth
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respect to q(t) and I(t), where I(t) denotes the variable |abor
input and p,(t) denotes its price. In the maxim zation, the val ues
of py(t), k(t) and p(t) are taken as given and the restrictions of
t he production technol ogy are i nposed. The firm maxi m zes current
profits -- is in SRE -- when it satisfies the condition p,(t) =
SRMC(t), such that the position of the short-run marginal cost
curve (SRMCC(t)) depends on the predeterm ned value of k(t) and the
exogenous value of p,(t). Since capital is fixed in this short-run
maxi m zati on, its price, p.(t), does not figure in the
calculations. |If, as is usually assuned, there are no inpedi nents
to achieving the SRE, observations on output, inputs, and their
prices are SRE val ues.

To define long-run equilibrium (LRE) values, we introduce
price expectations. Let Epq(t+s) denote the (representative)
firms expectation at time t of the price of output at tinme t+s.
Let p,(t) denote the firms expected price of output. I n
particular, let p,/(t) be a weighted average of the current price
and expected future prices, nanely p,(t)= E:tw@EJ%(t+s), where the
wei ghts, w,, are nonnegative and sumto one. The question of how
firms forecast prices in an equilibrium setting is a deep and
unsol ved problemin economcs. The major conpeting theories about
this problemare the theories of adaptive expectations and rational
expectations.® The inplications of either adaptive or rationa
expectations can be captured by suitably restricting the w/'s and

the forecasting nmechanism Epy(t+s). For sinplicity, we assune
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that w, = 0 and that Ep,t+s) is the same for all s, so that p,(t)
is sinply the common value of Ep,(t+s), for s > 0. W simlarly
define p,"(t) and p(t).

By working out an explicit dynam c optim zation problem it
can be shown that future conditions becone nore inportant for the
firms current decisions as capital becones nore fixed. Capital
beconmes nore fixed when its tinme-to-build or its adjustnent costs
I ncrease. The greater inportance of the future on current
decisions manifests itself by the predomnant mass of the
distribution of the w's shifting to the right. |In this regard,
taking w, = 0 can be thought of as representing a high degree of
capital fixity.

The LRE can now be defined in terns of the desired val ues of
the variables under the firms control. The LRE or desired val ues
of output, capital, and |abor are denoted by g*(t), k*(t), and
I|*(t). W also introduce the notion of |ong-run expected profits,
defined as p,(t)g*(t) - p (t)k*(t) - p, (t)l*(t). Then, the firm
is in LRE when its SRE values of output, capital, and | abor, nanely
q(t), k(t), and I(t), are, respectively, equal to values of qg*(t),
k*(t), and I*(t) which maxi mze long-run profits. In the latter
maxim zation, p,(t), p (t), and p,’(t) are taken as given and the
restrictions of the production technology are inposed. The firm
maxi m zes | ong-run expected profits when it satisfies the condition
Py (t) = LRMC(t), where LRMC(t) denotes |ong-run marginal costs of

production in period t. The position of the |ong-run margi nal cost
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curve, denoted by LRMCC(t), depends on the given values of p,(t)
and p,"(t).

Thus, the firmis in a LRE when it satisfies the foll ow ng
three conditions: (i) the firmis in a SRE, (ii) actual input and
output prices are equal to expected input and output prices; and
(ii1) the actual stock of capital, k(t), is equal to the desired
stock of capital, k*(t).

Capacity Uilization and Long-Run Equilibrium

I n t he third definition of capacity utilization,
u(t) = g*(t)/qg(t), the desired output, g*(t), is taken to be the
| ong-run expected output of the firm When current prices are
equal to expected prices and the industry is in a long-run
conpetitive equilibrium this definition corresponds to the one
commonly used in recent work.? Explicitly distinguishing between
actual and expected prices as we have, may not be particularly
i nportant in sone theoretical discussions, but it is crucial in an
econonetric analysis of capacity and related issues. A primary
deficiency of many econonetric exam nations of capacity is that
they fail to properly distinguish between actual and expected
prices. Before stating this argunment in detail, we conclude the
di scussion of firmbehavior in our SRE/LRE framework, by specifying
an investnment decision rule.

Ootimal I nvest ment Deci si ons

Foll ow ng the above discussion, in every period t and for

given val ues of py(t), k(t), and p(t), the firmchooses val ues of
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g(t) and I (t) which maximze its short-run profits. By definition,
because g(t) and I (t) are variable, there are no inpedinents, in
any given period t, to setting gq(t) and I(t) in this way. Thus,

the firmis in SRE in every period. |In the case of investnent in
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capital, followng standard practice, we assune that the firm
adjusts fixed capital according to a flexible accelerator. That
is, the firmsets k(t+1) - k(t) = 1, [Jk*(t) - k(t)], where 1, is a
coefficient between zero and one. For sinplicity, the depreciation
of capital is ignored, so that k(t+1) - k(t) denotes gross as well
as net investnent.

Used in this fashion, the LRE is sinply a device for capturing
in a sinple way the inplications of the solution of a proper
dynam c specification of firm behavior. Such a specification is
one in which the firms decisions on all variables -- whether
variable or fixed -- are given by the solution of the dynamc
optim zation problem e.g., the maxim zation of expected present
val ue.

In this view, 1, is generally a function of all of the firms
structural paraneters, although, it depends nost critically on
adj ustnment-cost and (or) tine-to-build paraneters which describe
the degree of capital fixity. In this discussion, for sinplicity,
1, is taken to be a structural parameter in its own right. \Wen
capital is highly fixed (highly variable), the firm slowy
(quickly) adjusts capital to its target value and 1, is close to

zero (one). ™

3. | nportance of Expectations

W are nowin a position to show the inportance of accounting

for expectational effects in the analysis of capacity. There are



15

two points to the argunent. The first point is that when
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expectations are not incorporated in econonm c nodels of capacity,
devi ati ons between actual and expected prices wll Jlead to
i nconsi stencies between observed behavior and the behavior
predi cted by the nodel. This point is denonstrated by show ng that
a textbook account of the relationship between capacity utilization
and investnent |eads to erroneous conclusions when the role of
expectations in firns' decisions are ignored. As part of this
di scussion we also illustrate the second point of the argunent,
that in practice, actual and expected prices are likely to deviate.
After explaining why actual and expected prices are likely to be
different, in response to unexpected exogenous shocks, we concl ude
wth a short section which argues that because of the way
expectations are forned from observed prices, observed and expected
prices are unlikely to be equal even when the LRE price is
const ant .

Capacity Uilization and | nvest nent Behavi or

To begin, we consider Figure 2. In this figure, the vertical

axi s neasures the price of output and the horizontal axis measures

the quantity of output. In addition, in parentheses, the
hori zontal axis indexes the stock of capital. The tine franme of
the analysisist =1t,, t,, ..., ty, Wwhere t, is an initial period

in which the (representative) firmis in an initial LRE and t is
a final period in which the firmreaches a new LRE. The novenent
fromthe initial to the new LRE can be thought of as being caused

by an exogenous shift to the right in the demand curve for the
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output of the industry. The |location of each SRMCC(t) in Figure 2
depends on values of the current stock of capital k(t). It also
depends on the production technology and the current price of
| abor, p,(t), although, these are held fixed throughout the
anal ysis. SRMCC(t,) and SRMCC(t,) are the initial and final SRMCCs.
The LRMCC(t) is fixed throughout the analysis. Its shape and
posi tion depend on the given production technol ogy and on the given
prices of capital and | abor. In order to focus on the output
decisions of the firm actual and expected prices of inputs are
assunmed to be identical and to be fixed throughout the analysis.
For exanple, in the case of capital, we assune that p.(t,)
=p(ty) =. . . =plty =p(ty.

In Figure 2, point Areflects the initial LRE in which actual
and expected val ues are equal, py(t,;) = p,(ty), a(ty) = g*(t,), and
k(t,) = k'(t,)). W assune that in the next period, t,, the actua
and expected prices of output increase by the sane anpbunt to
P(ts) = pg(ty). The firms imediate reaction is to increase its
output fromaq(t,), associated with SRE point A, to g(t,), associated
with SRE point B. However, Bis not a LRE because at B the actua
stock of capital is still at is previous value, k(t,), and, in
response to the new permanent price increase, p,(t,) - py(ty), the
desired stock of capital is now k’(t,), which is greater than the
actual and desired, initial, capital stocks, k(t,) = k'(t,).
Consequently, the firmbegins to invest in capital and continues to

do so until it reaches point Cin period t,. The arrowheads al ong
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the LRMCC(t) reflect the steady shift to the right of the SRMCC(t)
as the capital stock is increased from k(t,) = k'(t,) to
k(ty = k'(ty. By assunption, throughout the adjustnent periods
actual and expected prices remain at the sanme values, nanely
Po(ts) = Pg(ty) = ... = py(ty) = pg(ty. Thus, at the new LRE point
C po(ty) = pg(ty), a(ty =a(ty, and k(ty = k*(ty.

| nvest ment _and Conventional Capacity Utilization Measures

W now relate this transition in Figure 2, fromLRE point Ato
LRE point C, to the conventional neasure of capacity utilization
u(t) = q(t)/qg(t). Recall that g(t) denotes the capacity val ue of
output in the sense of the intersection of the current SRMCC(t) and
the LRMCC(t). This is the received economc definition of
capacity.' According to this view, u(t) > 1 indicates a positive
rate of investnment in capital because there is "over-utilization"
of capacity, u(t) = 1 indicates no change in the capital stock
because capacity is being "optimally" wutilized, and u(t) < 1
indicates disinvestnment in capital because there is "under-
utilization" of capacity, i.e., there is sonme unneeded capital
This standard argunment is conpletely consistent wwth the situation
in Figure 2 in which actual and expected prices are equal.

We now turn to Figure 3, which differs fromFigure 2 only in
that, after the initial LRE, the actual price of output is allowed
to differ from the expected price of output. In fact, it is
extrenely unlikely that the actual price will equal the expected

price. Thus, actual price in period t, could be p,(t,), py(ty), or
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p, (t,), even though the expected price has increased, as in
Figure 2, to pg(ty,) = ... = pg(ty. In the first case, where
Po(ts) = pq(t2), u(ty) = qa(ty)/a(t,) = a(ty)/q(ty) < 1 incorrectly
i ndi cates disinvestment. In the second case, where py(t,) = pq(t,),
u(t,) =g(ty)/g(t,) =q(t,)/qg(t,) > 1 correctly indicates a positive
rate of investnent. However, the correct indication of investnent
behavior by u(t) in this second case is pure happenstance. The
actual price of output in period t, could just as well have been
below the initial value, at a point like py(t,). In fact, py(t,)
could just as well be above the new LRE value of p,(t,) e.g.,
pq"(tz)-

In sum the conventional neasure of capacity bears no
systematic relation to investnent activity, because investnent
activity depends nostly on expected future conditions. By
contrast, the conventional neasure of capacity depends in |arge
measure (through the appearance of actual output in the nunerator)
on the transitory conponent of current conditions. The concl usion
is that it is critical to account for expectational effects in the

anal ysis of firm behavi or when
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sonme input (capital) is fixed. In fact, this conclusion is a
general one. Expectational effects will be significant in any
econom c situation in which there is sonme sort of "fixity,"
“friction," or "inertia."

Capacity Utilization Adjusted for Expectations

It is this critique which leads to a third definition of
capacity wutilization, u(t) = qg(t)/q(t). Conpared with the
standard definition, this third definition replaces output, q(t),
in the nunerator of u(t) with expected long-run output, q'(t).
Accordingly, transient conponents of qg(t), which are irrelevant to
i nvest ment decisions, are stripped away. Wth this redefinition,
u(t) will correctly indicate investnent behavior according to the
conventional rule. For exanple, as in Figures 2 and 3, after the
initial LRE in period t,, u(t) continues to be > 1, thereby
indicating a positive rate of investnent, until the new LRE is
reached, and this is the case regardl ess where actual prices happen
to fall, hence, regardl ess of where actual output happens to be on
t he SRMCC(t).

Rel ati on Bet ween Actual and Expected Prices

As we have illustrated in Figures 2 and 3, actual price
movenents reflect novenents in their systematic and random
conponents. Below, in Figure 4, we further illustrate the relation
bet ween these conponents with a representative tinme plot. Before
proceeding with this illustration, however, we note that systenmatic

variations in LRE price as described in Figures 2 and 3 wll also



23

cause a divergence between actual and expected prices. For
exanple, abstracting from random (transient) fluctuations an
outward shift in the expected demand for the output of the industry
causes the price-quantity path to overshoot the new LRE val ue.
This will occur because of the interaction of a positively sl oped
i ndustry supply curve with a negatively sloped industry demand
curve. For exanple, in Figure 3, if the line DC represents
the new expected industry demand curve, then, the transitiona
price-quantity path will be ADC.

As before, let p,(t) be the common value of forecasts of the
price of output. Suppose that p,(t-1) is an optimal, unbiased,
one-step-ahead forecast of py(t). Let ,,(t) = py(t) - pq(t-1) be
the one-step-ahead forecast error. Equivalently, p,(t) = p,(t-1)
+ ,4(t), which is usefully interpreted as a deconposition of the
actual price, py(t), into a permanent conponent, p,(t), and a
transitory conponent, ,,(t). This interpretation is appropriate
because, by their very nature, optinmal forecasts are "snoothed"”
estimates of actual values and, therefore, fluctuate |less wdely
and rapidly than the actual values which they are forecasting
This property is illustrated in Figure 4, in which "a" and "*,"
respectively, denote typical actual and expected price paths. A

| ook at the figure shows that an observed or actual price is just
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as likely to be above the

expected price as

below it.

to be
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4. Expectations and Survey Data

We have shown the inportance of expectational effects, if
capacity utilization is to be used as an indicator of investnent
activity. Expectations are simlarly inportant in the analysis of
capacity utilization data obtained directly fromsurveys, i.e., not
manufactured with an economic nodel estimted wth related
observati ons.

The U.S. Bureau of the Census obtains survey responses on
"actual ," "practical," and "preferred" outputs of plants in a
specified reporting period.* The instruction form defines actua
out put as the actual level of production. Preferred operations are
t hose which "you woul d prefer not to exceed." The formthen states
that underlying this definition is a level of operations at which

profits are maxim zed, nanely the |evel where marginal revenue
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equal s margi nal costs. Following this the form states that
"preferred capacity may equal but not exceed practical capacity,"”
where the latter is defined as the "maxi num | evel of production
that this establishnment could reasonably expect to attain.”
The neani ng of "actual™ output is universally understood. The
quality of the obtained responses about actual output, thus,

depends only on the accuracy of the respondents' accounting

procedures and on their response rates in the survey. In the case
of "practical" and "preferred'" outputs there appears to be
confusi on about the neaning of these terns. In fact, it is not
entirely clear -- especially in light of the previous discussion --

how "practical" and "preferred" outputs differ fromthensel ves and
fromactual output. |If firnms are setting output every period by
maxi m zing current profits, and there are no inpedinents to doing
so, then, it would seem that actual, practical, and preferred
outputs are identical. I ndeed, sonme of the survey responses
support this interpretation because in sone instances the
respondents give the sane value for all three types of output.
Froma "short-run" viewpoint, it is natural to consider actual and
preferred outputs to be identical, because, by the definition of
the SRE, the firmis setting its actual output every period so as
to maximze its current (short-run) profits. The extended
description of "practical" output in the questionnaire conforns
with what we defined as maxi mum output, -q(t). More than 50

percent of respondents equated "practical" and "preferred" output,
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al t hough nost respondents reported actual output bel ow practica
and preferred output. Thus, nost respondents indicate that their
actual operations are not at a profit maximzing |evel. Thi s
suggests that the preferred and practical concepts m ght be based
on "l ong-run" consi derations.

The primary role of our analysis is to clarify concepts. W
showed that there is a useful distinction to be nade between act ual
and expected prices and quantities. To the extent that "practical"
output is nmeant to reflect the firms current capacity constraints,
i.e., the amobunt of fixed capital, then, capacity output in the
sense of Q(t) seens to be a candidate for naking this notion
precise. Simlarly, if "preferred" is understood in the sense of
the long run, i.e., where capital fixity is surnounted, then,
capacity output in the sense of q°(t) seens to be a good candi date
for making the idea of "preferred" output precise.

By clarifying concepts, one also clarifies their practica
signi ficance. One mght conclude, e.g., following the above
di scussion, that there is a need for a concept |ike "preferred"
output in the sense of expected |ong-run output, but that there is
no need, in addition, for a notion of "practical" output. Once
such clarifications are made, they wll be useful for redesigning
survey questionnaires. If, indeed, "preferred" output is to be
understood in our sense of "expected" output, then, the role of
| ong-run consi derations and expectati ons about these considerations

shoul d be strongly enphasized in the definition of the concept in
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the survey questionnaire. Qobviously, it is counterproductive to
use specialized termnol ogy, but comonpl ace words |ike "l ong-run"
and "expected future,” which are readily understood, would be an
i nprovenent over current descriptions.

In sum we believe that the econom ¢ anal yst has a najor role
to play in making such clarifications and that to do this properly
one has to use a carefully articulated dynam c nodel. The
heuristic nodel discussed in section 2 is sinply a first step in

this direction.

5. Expectations and Endogeneity

As we noted in the introduction, issues of tenporal
speci fication, such as the problem of treating expectations, are
of ten thought of as being logically separate from cross-secti onal
specification problens. However, in this section, we note how, in
one inportant respect, the problens of tenporal and cross-sectional
specification are intinmately related. |In particular, we note that
t he econonetric problem of adequately treating expectations about
the price of output in the industry being studied dictates treating
out put as bei ng endogenous and necessitates bringing the denmand
curve for output into the analysis.

In general, the endogeneity or exogeneity of a variable
depends on the level of cross-sectional aggregation of the data
used in the analysis. For concreteness and clarity, we shall

proceed in this discussion on the assunption that, as usual, the



29
avai | abl e data represent a higher-level aggregate such as a 2-digit
SICindustry, not a |ower-|evel aggregate such as a firmor plant.

As in the previous discussion, we assune the industry in question

is conpetitive. Thus, to individual plants and firnms in the
i ndustry, all prices -- input as well as output prices -- are
exogenous, i.e., are taken as given. However, since the data on

output prices and quantities pertain to the industry as a whole and
since the industry's output market determ nes these prices and
gquantities in a supply-denmand equilibrium the data on prices and
quantities of this industry nust be taken to be endogenous to the
analysis. To do so, one nust add a demand curve for the industry's
out put to the anal ysis.

I n many econonetric anal yses of capacity and rel ated issues,
the price and quantity of output of an industry are both --

implicitly or explicitly -- incorrectly treated as exogenous.*®
O course, the price elasticity of demand for the output may be
close to zero or infinity, so that, respectively, the quantity or
price of output of the industry is effectively exogenous. However,
both the price and quantity of output cannot properly be
si mul taneously treated as exogenous.

It is nore appropriate to assune that input prices are
exogenous to the industry as a whole, hence, to the individua
firms and plants in the industry, than to assune that the out put
price of the industry is exogenous. This is a nore reasonable

assunption, because it is likely that the prices of investnent
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goods purchased and | abor hired by the industry are determned in
a wder market -- e.g., a national or even an international market
-- of which the industry being studied is a snmall part.

Econonmetric Treatnent of Expectations

The question of endogeneity-exogeneity of input and output
prices is critically tied to the econonetric treatnment of
expectations, i.e., to the way in which the notions of expected
prices which we have introduced are quantitatively tied down to the
actual data. In fact, the econonetric treatnent of expectations is
conpletely different according to whether the price in question is
exogenous or endogenous.

For prices which may properly be considered exogenous, al
that is needed are sone reasonable, sinple, forecasting rules which
track the data well. For exanple, one can devel op one-step-ahead
forecasting equations with routine time series nmethods* and, as in
our previous discussion, one can, then, identify these forecasts
with "expected" prices.®

When output prices and their quantities are endogenous, one
must resort to other, nore conplicated, nethods. One nethod is to
proceed under the assunption of rational expectations. An output
demand curve nust be introduced into the analysis in order to nmake
the rational expectations nethod operational. The technical
details of how one proceeds according to the rational expectations
hypot hesis are too conplex to be described here, ® however, their

essentials are easily conveyed in words.
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The essence of the rational expectations approach is that it

enphasi zes that current prices and quantities -- and expectations
of future values of prices and quantities -- nust be consistent
with market clearing, i.e., the condition that supply equals

demand. Thus, in the case of the output price and quantity of an
i ndustry, this approach elimnates the arbitrariness -- and
resulting biases -- of assumng that price and output are
exogenous. The rational expectations approach uses fundanenta
econom ¢ concepts -- supply curves, demand curves, and market
clearing -- to tie together expectations about prices in a market
and the actual prices generated by the nmarket.

The rational expectations approach has been severely
criticized in some quarters.'”  There has, however, been nuch
m sunder st andi ng about what rational expectations neans, how it
shoul d be inplenented econonetrically, and how one shoul d decide
its applicability in a given situation. One criticism which has
been | evel | ed agai nst existing rational expectations nodels is that
they unrealistically assunme that prices and quantities fluctuate so
as to instantaneously equilibrate markets. This criticismis
legitimate. |In fact, nost rational expectations nodels of industry
behavi or have been strongly rejected by the usual statistica
criteria. Undoubtedly this has in |arge nmeasure been due to the
assunption that prices equilibrate markets instantly. However
rati onal expectations and slow equilibration of markets due to,

e.g. contractual rigidities in prices are not inconsistent.?®
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In sum we believe that introducing expectations and
operationalizing these expectations with the demand curve of the
representative firmis an inportant and feasible next step in the

devel opnent of econonetric nodels of capacity.
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ENDNOTES
Capacity is also of interest in the study of firns'
strategi c behavior. For exanple, it has been argued that
i ncunbent firns in an industry hold excess capacity to deter
entry into the industry by new firns. |If firns do this
then, in sonme sense, they are not mnimzing costs of
production in order to have a credi ble threat against
possi bl e entrants. However, we shall not be directly
concerned with this literature, since it is tangential to
our discussion.

See e.g., Berndt and Fuss (1982).

For the reader's benefit we have |listed nunerous articles in
t he bi bliography, at the end of the paper, which we do not
explicitly cite, either in the text or in the notes, but

whi ch are significant contributions to the study of

capacity. A good starting point inthe literature on
capacity is the survey article by Wnston (1974).

Sone recent work, notably by Mrrison (1985b, 1986),

I ncor porates nonstatic expectations about exogenous out put
demand and i nput price variations. Unfortunately, treating
the representative firns's output as exogenous is likely to
result in sinmultaneous-equations biases in estinmation.

| nput prices are, however, nore likely to be exogenous.

Schnader (1984) provides a useful introduction to the
definition of capacity and capacity utilization and

di scusses the | eading sources of observations of capacity
and capacity utilization. Christiano (1981) covers the sane
mat eri al but does so nore thoroughly.

The fixed-proportions production function gives the sinplest
illustration of this definition of capacity output. Let
producti on be governed by g(t) = mn [Bk(t), BI(t)], where
B, and B, are positive fixed coefficients, capital k(t) is
the single fixed input, and labor |(t) is the single

vari able input. Then, since I(t) is variable, capacity
output is proportionate to the avail able anmount of capital,
-g(t) = Bk(t). Let p,(t) be the price of labor in period

t. Aso, let SRMC(t) denote the short-run margi nal cost of
production in period t. Then, SRMC(t) = p,(t)/3, when 0 <
g(t) < -q(t) and SRMC(t) = +4 when q(t) = -q(t). These two
equations say that short-run margi nal and average costs are
identical and constant with respect to output up to capacity
out put, at which point they both beconme infinite.
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Berndt, Morrison, and Whod (1983) trace this definition of
capacity to Klein (1960) and adapt it to their work.

Stigler (1966, pp.155-158) defines capacity output as that
out put at which short- and | ong-run margi nal costs are
equal . Equivalently, Berndt and Fuss (1982) and Ber ndt
(1984) define capacity output as the |evel of output at

whi ch the short- and | ong-run average cost curves are
tangent. Note that under conditions of perfect conpetition,
capacity output will be at the m nimum point of the |ong-run
average cost curve. \Wen |ong-run average and margi nal cost
curves are horizontal, this definition reduces to capacity
out put being defined as the output at which the short-run
average cost curve is mnimzed.

Briefly, adaptive expectations forecasting rules are
forecast updating rules which can be rationalized with tine
series nodels of the sort treated by Box and Jenkins (1976).
Their hallmark is that they are sinple to use. The

hypot hesi s of rational expectations does not simlarly
propose a set of forecasting rules. Rather, it proposes
met hods for treating expectations formation in market-
clearing equilibriumsettings. The hallnmark of a rational
expectations equilibriumin a nodel is that the agents have
unbi ased estimates of future prices in the market which is
bei ng anal yzed, but at the sane tine these expectations are
consistent with market clearing -- that supply equals
demand. By contrast, adaptive expectations rules are
generally inconsistent with market clearing. The principle
articles about the econonetrics of rational expectations
have been collected in the two vol unes edited by Lucas and
Sargent (1981). The articles by Lucas in (1981c) are also
central to this literature.

See, e.g., the work cited in note no. 7.

Strictly speaking, q(t) and I(t) should also be slowy
adjusted to target levels according to their own flexible
accelerators. That is, g(t) and I(t) should be adjusted
over time by q(t+1) - q(t) = 1,q9*(t) - q(t)] and I (t+1) -
I(t) = L,[I*(t) - I(t)], where 1, and 1, are paraneters
bet ween zero and one. The reason why, strictly speaking,
1, <1 and 1, <1, is because interactions anong inputs and
output in the production technology lead to a "spill over™
of the fixity of capital onto variable output and | abor
input. Moreover, it is this "spill over" which causes
expected -- not just current -- prices of output and | abor
to be pertinent in the LRE, even though output and | abor are
individually variable. Since gq(t) and | (t) are individually
variable, 1, and 1, can be expected to be close to one,
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especially when conpared with 1,. This is why the
assunpti on nmade above, that g(t) and | (t) are set according
to short-run profit-maximzation (which is equivalent to
setting 1, =1 and 1, = 1), is a reasonable first
appr oxi mati on.

E.g., Berndt (1984, pp. 15-17).

The Census Bureau's "Survey of Plant Capacity” is described

in the U S. Departnent of Commerce publication listed in the
references. This publication includes the questionnaire for
the 1985 survey as well as definitions of terns.

This assunption is present in nost enpirical work, even in
recent extensions of the literature which include dynam cs
explicitly. See, e.g., Mrrison (1985b).

See, e.g., Box and Jenkins (1976).

See, e.g., Mrrison (1985b, 1986).

See, e.g., Lucas and Sargent (1981).

See, e.g., Tobin's (1980) criticismand Lucas' (1981d)

response to this criticism

See, e.g., Taylor (1980).



